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AIJSTKfl.C’r

] i~(’!i ;)!<’i, SolJrlI:,’1 .s”ll:l Ll: COALS

F’i[;. l- I,A~l, conrl.l, t in urtdcr[;ro~!nd
COCI1 rollvcrsloll.

collLrO] , ‘l’l)(, fuel j:ns 11(,W i!; in LIIC inLct-mcdintc-
[~Lu rallp,c of ;Iruulld 275 llLII/:;cf.

TIIis ,;;l!~ c{I.liim’, .ju!+l miIIIL]OIII!Ct (lcc(ltIII]LIs lIL!iIL

pr(, dtictlon :111(1 ttl(,ctrltiL~ j:{.nt,r:l[ 1(111 I“ruP,I LIIC “nllnc -
muu Lll” opcrill 1011:+. “t’ Ill , d(,l.(111]1] ill}; I)[>rmi[ !; ~;(l{]d CL)ll -

lrc. ] ,If Lllr fII(I1-}1,1:: ~11),11to” I) Lltll lllrou~;ll LII,, p,.ls
CICmNJp ;IIIII LIII-01111,11II!.! IIII Ii:; till: co r(lc~ ~ILIl ~

Ilip,llcr-lltu fuc] }::Is !I 071 ilItI Ilyrn]y!;l:; systcm Lo 1113-

~ivcr a coI1,;L(IIIL fittl-1,.nL{,llL pro(ltlcL, S1,II!JJIIIC 11(,ilL
wlIiclI iH stripl){,(l [t-m LllL~ lIOi produc~, r K;15 1s used
to drive Lh(! firsL-HLal~,u pyroly:;l:; in allnLllcr scc-
LiOII of tlw coal.

TWO HrparnlIJ Classr!l of Ilro[luc[q nrv l,cncrnL1.d
hy Lhir.r tyl)c of coal rOllvLr%il)ll !Jystcm: I:lr!lt, ]Iy-
rlrocnrbon ~as~s nnd ll(luids ;Irv prmluc[d for usc
ol~c,wllcrc, oIId, srcunct, n Itifillly {Illit’olm );;1s lJroducL
of’ ilJLcrm~![ll:ltl,-l)tll c(lntcnL i.+ prod~lrud for more lJ-
CII1 ron Humllt 10I1, V.K, , UL :111 clcc Lrlc lInwLI. !+l.ntlnn
L1:ikCnl inlly nt LIIC mtlle mout l].

PII[!C 1
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Tr+blc 1 - IIcht co.~tent and cncrtiy cons,lmptio.1
[or water removal, pcr CLIbLC [llCtCr 0[ CLJJ1.

1120 Mass Total Water Fncrgy

m IIcat Ilcclt cost
x X1O-6 ntu~ Btvh 7.

X1O-6 X10-6—— —.. _

5 1,50 31.5 0,26 0.83
10 1.50 29.8 0.52 1,74
20 1.40 24.7 0.97 3.93
30 1.35 20.9 1.43 6.72
40 1.35 17.b 1..87 10.50
50 1.30 1/4.3 2.25 15.70
60 1.25 11.0 2.60 23.60

a
Calculatorltaanutning coal hao a heat co.n-

~tunt of 10’ l’ltu/lh (dry basia).
Calc,]lntcd asountng scam is ori~irrally
at 5°C and moifiturc is heated to 5000c’.

Vnndcrborgll 6 Elliotl
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C(rioljd) + “?’’(~,a!i)=c“(~w) + “?(J;,ls) (1)

dcpundn on thu fact th:It Lhv rrnrtlon

‘Co(xnd=C(mdid)+ C“z(&as) (2)

docfl not prorccd. I’IIIJ Kln[]ilr k’~~(!r-;;:]$! Hh~fl
rcnct ion durs tirko p!iIt-t I r(,n[li ly. lk.rt, CO is dLl-
fil roytwl by rcncl inn wllh w:ltt,r vapo~

C“(finn)“’?”(gati) - ~“z(~w) “’?(R,IH) (3)

MIilc Ilz IWWI Lhe tiamc approxlmnt( hcmL rrrntcmt,
it is nrnre rlIfrlcIIll to rcl:lovu COT frum 117 LII:In

to rmncw 11,0 from CO, %r(,r)vc,r, Vollrnuw arc
incrunscd with IN lIIcrtIn6L, in LhL! L(ltn] hL>aLin~
V22]UC. ~nLl!r vilpurlr.ilLi[m (,)s was disrIIY!;(!d

e22r11cr) lnkcrJ UP Ilt,nt wlIlclI jB ncvvr usefully

rccovcrcwl.
Effects of W.IIC,I” on Cmnl Pvrluc,lblllty: A

dominmlt rolo of mol:;Lurc on uml~, roruund con-
v@rHion nppmrs in clhln:;lnl; Lhc pCrlKhabi]lUy of
conl.

‘lIlc fIcrm@nb[]ily throllKl\ WL?L coitl undur Rirm-
lntorl in Gi(.w condltlms i~ nunr 0.01 ml, I@rnovnl

WAL1.ltW t3Y IIYI.IIWUI,lC FRACTURE TIICI{XIQIIKS
Allhoufih our lnbor,ntcry cxporir!t,nLs SIIOW that

coal-block ,Irylnc is tuchnicillly rcnsiblc, Eicld
EIIICCCSS wII1 require Lhat illmust iL1.L wnt~!r iovos ion
from nc~~hhorln.q zonrs is rctilrictcd, UndurKruulld
pr~Ct’.9H1llfl in lhiS w~~ rCqU~rL-fL fl dry SCnl,l, bL1lL)W

10Z moifitur L,. t.nd molsturu must I)c exclud L,d, slJulll-

wcstcrn hydrnlo Ry Idcnf I iies shallow con] sunms w
aquifers thal rmncct sl!rraw rum)if with IICLIPIY
lyjnR smls(onc 6Lrntn, Rcchnrl{c is pcrlodic nntl

dcpcnrt~ NPOI rc!crnt cljmntlc conclltlonu. It Will
Lru ncccflfinry to dcvulop LCChnOlO}\Y tllnl wII1 rc}slrlcl
moislurc flrrw ir. tn prorusslnr, rcl,. iom; . OnL~ propntlt, tl
method for nccomplitrhlng this is ~hown in Fig. fi.

Vnnderlmr~!l 6 Elliott
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UNDElitiFIOUFJD COF4TFLOLOF WAIL~ INFLUX

DURING COAL PFIOCESSING

/ FRACIVM ri UrrlBESLRVOlh

Fig. 4-h’all prcpar:lLion L!lrou:;h llydrn~llic
fracture wLL]I ~dl,[cr-lnl[,cr.lu:ll)lc tlulds.

llydri-rulic fracLurc wollld be ,llilized to con-
Btruct under[:rouncl bjnrricrs. Illltiaily, str{,ss

modiflcaLlon techrriqucs vnuld 11() Ilti]lzr’d Lo re-
direct ~}~ ,]it.,, strc:;,,,.s in o way llIaL Iiydraulic
fracture would run pcrprndic(l]ar to !,ran LIip.

(Vcrticn] frJcLurcs arc d!i:-:!IIIIcd I,L)l-( bccaus~ Of LIIC
Iarfic ovcrb(lrdcn of rIIIcply Iyin:; fOrMaLioll!; . !+lIou]rl

the cual fr;lcturc l~nI-iZOIILa]ly, oLIIIIr LCClIIILqIIL)S

would bt! rcquirc,d).
k’rncLurin~ is done wILll iI flIIid wlIiclI will po-

]ymcrlzc (or SCL) mfLcr a requisllf tlmc. ‘Tlw crnck
thr:~ will bc flll(, d with m,lt{, rial Lt)at i;;lp Cd(>S
IIrOiSLllW lntrus inn into I 11() prrrc(,!:.sinj~ zone. OL’If!r

posslhlllL~cs CX1!;L lncl,iflln~: Ii,crc:icln[; strc!is!
wi. tll r,poc ial ~;routs to Lmpcu(, W;I( i,r flII,w. TIIc!; L’

~L!ras nrc, as of Il(lw, only Conccplu:ll . It is rrbvio[ls

thnl sllccc!;sful und[,r[:rol,ll,l CO(II r[,nv(:rsloll tccl~-

nO]O~,V w1ll 1’C~UirC ways LO “fix” W;llCr inVn5i011.
Much work remains to bc done in LII1!; ar(!a.

RESOURCE UTII.IZAITON 1’1{0(:1;sS llFI’ICI1l}:CY
undc!r~rcrt!nd co,,] rrrllvr.rsion alL(Irs coal tecll-

nolor, y from a minlll~. process LO :1!1 apc!r:ltirrn more
like petroleum prdur.L]rm. And, ol)~)ration ecoIIoI:Iics

arc similar Lo oil-[lc]d .,conomics. ‘1’1117 rmln conrcrn
is pay-out, l.c., LIIC prOd~lCL ‘.’:IIuL, crrmparcd Lrr Ll]e
cost of prrrduction, Altllolll;ll, from :in cnvironmt,nLal
Btnndpolnt, nnc 1s conccrnl, d ahoIIL “rl,c,o UrCC llti]~-

zaLion Cfflcir’ncy”) LIIC trctlllrrlo~!y uconomics do noL

depend upon 1111:11 Lo(:I] rl, covcry t, ffJcicnc. v (sucli as

LIIc lliI;lI cfficlcnc~t,s now ob(alllnhlc wltll lonf;-w;ll]

undcrRrollnd minLll~). kaLllcr, LIKhrc mllst hc s(Jcccss-

ful Cxtr:,clion of (,ncrf,,y from n p:,rtlcl,lar cO:Il s(,c-

tlon. This 1s entirely anal:Ir,oLIs Lo oil prodllcLlon.
Improved rccovury 1,s nLLcmpt[)d uslm: sr!condary IIIId

tcrtiury techniques USUALIY WC1l [lfLcr prLm:lry pro-
duction nnd QS!JOclaLLI(l C!crnlrnnjc:l Orc r.rm\p]cLcd.

Drying un[lcrl,,ro(lnd cool. pr2-mlLs dLvcrKencc nf

the prnccss POLI) ;rcml tllc cc’ntcr-dirccLcd cliarrnc,l.
SUCII ~prcudin~ is rr”llcol Lo Lhc L!conorrjcs or Lllc
opr.rntltm, 1[ wc crrnsid(ir n Lyplcu~ situation,
Table 2, LIIis hccnmcs appnrcnk. Cal.cul.ntioi]s SIIOW

Comp].ec[’ly con~~mmd coal LonnnI~cu usin~ a two-:lpoL
pattern cpaccd 50 m nndrt in a 2-m thick scam.

(such spacin~ mi[;llt he )ptimistlc.) Tllu “r;prcndlnl~

nnr,]c” dcscrlbcs Llic OIIOIL! wtIiclI LIIL! proccs!iilll!-?.onc
moves into the coil] mass. ‘ThtH is the angle belvecn

Table 2 - Convcrsioo of coal .5s a function of
prr,ccss sprcadi~t; :lnglc

Sprcadil,g Total Total Mass
AnUlc Volymcb of COOL

ca m~ tons

5 218 361

10 441 727
20 910 1501
30 1443 2381

aSpreading anglu, dc~r~es, between divergence of
process zone and central borcholc-to-borchole

““n:k,

b
Vertical wells spQccd 50 m apart in a 2-m thick
seam.

cCalculatcd assundn~ density of 1.5 gm/cm3.

Lh~t intcrl”acc and tlw WL’11-Ln-We]] axis. Should

l.ittlc spri,wling occur, :;ay 5°, cvcn with this v,co-
metry, only 361 !(~ns of CUC1l can bc p(o(:csscd, It
is hard to see how m:)!lifulding COSL!; coIIlrl lIC rc-

CUVC~-L>d ht!r L! in nnyl!lin[: (IIIL a [alr]y Y.11:11~ow sc:im.
]Inwcvcr, if LhC :;preo,llnu aIIg]L. C; III 1)1> il,crcnsc,d Lo

nn c!x LL!nt L]lot LIIL! procc. ss zone IL!:I,JC:, 111,! borellulc
aL an 30° .an~;lc, Ll)L!n 2 ,LOO tons of CO;I1 c:ln hc FLU-

cessc’d Lllrou[;ll L]Ic, sa:IL, ll:,niLol~ . TII1!; IacLor-ol-

7 increase appe~rs LII us Lo bL’ Lh~) CriLiL’;ll pilra-
mctcr In ~>rocess ccoll(x,i c:;. R(,~;,]rdlc,ss I~f LII1, h{.:11:1

Lhicknc! i!;, unless marl:c(l divur;,,Lhn~u II OL II llL)ri?[]lIL:ll -

ly and vcrt~cally occur:;, lit Llr! (“llf>r};y c:ln be r~,-
co,,crcd from any WCI.L arr;i,lp,cr.]cnL. ~lol:;lurc rcm(,v,ll
appc.ars to bc LllL’ IIIK f:lctor ill rrbLiljnlll~, lar[;c

sprca(llll[,, an~l. cs,

PYRO1.YSTS I’I{OL)UCT YIEI.DS
CoiIl pyrolysis 11;1!. bcun L’xLcI)sIvcI:,’ st(ldicd.

{7) TnLcrllrcta Li~ln Or rLISUILS 1S crmpl i,llLc,(l by LIIC

fact Ltlat I)roccssc,s 01 c(lolln C (c. v:lpor:ll ir,ll l)r cll -
doLllcnllLc pyrolysis) f(ll.l)c>tc Uitll IIC:IL jll~,uL. llcaL

Lr~rl.5f Cr bccomcs rfolIIina Lc(] hy conv L’cl iV(, i)roCCSSCS

and SUCI1 \)roccss c:; arc i:lterrul,l Lc>d wJLI) I)c:IL Lrans -
Ecr slncc product [;il!iL$S are produr.c,l ;IS f{lncLlcrns

0[ Luml)crat[ire. TIIc! s,iL(lation dcm:lllcl:, close atten-

tion Lo llc’ut!np rat.}:; ;Ind particle SIZC., Onc can
rL1~dl]y SPC( L1l:lLC LII.l L CL NIV LhCLi Ve Mfl S!; tr.lll!+p~)r~

will bc infl~lellcc,tl by ~: ::~t;( stress. Cnnscqucntly,
asHllmin~, Lhl L yLc!lds mL).l:~tlrcrf in the usua] la bLrr:l-
uory cond~Liolls rcfl(,ct :;l!.lllar undcr[!roulld yirlds
is qwrfit’lonablr, NL’V{!rLllUl~S5 , Lhat ilssul:lptioll is
a Htort.

Typlcn] sul,bltumlno(,s pyr~lysis cas daLa are

sl)owrl in Table 3. ‘i’hL.S1m data wcrt~ trrllccLcd on

powclcrc,cl coal (30 mc!;ll) in a cyl lndr ical Ccomvtry.
DaLu BlvL’n rcprcscn~ 350”C valuc~. Frwn Lhcrmn-
gravim(,tric data, wc kllrw LIIAL ,’:,rrrrrxlm;ltu]y 25% or
tllc uri[!lnnl. COill rnn:~s (as rccL,ivcLl) Is volatilized

ut this tcmpcrnturc.
A st.rajghLforwrrrd calculatJ.cn lcad~ to tlw

fact Lhat thccmnl proccssl!~:; ~,rulluc.~:; 8.2 x 103 9c[
pcr Lon of .subbltumluous coal. i\ssl\mill}; that Ltlia
prOdUcL has n hCOtlll~, Vnlll(- 0[ 5f)0 l~Lu/scf, tlllH

low nlrrl[!L’ular-wt?iuhL ~,as is Cqulvalc!nt to 4.09 :: 106
~tU/LLVI, irlld JLESumill~ tllnt proJccLcd ~JH prlc.eLI orc

Vandcrbor~rll unrl Elliott



Ta131P 3 - Comp05il ion of pyroly:;js [!ascs frum
Frllitl~nd c~al.

Component Volume % P,lrlrlrrl Or

—— ~lL-”.lfiil lE.

Hz 22 0.44

Crib 20 3.20

co 2 21 9.34

co 11 3.08

C2 ‘Sn
5 1.30

c3’sb 4 1.60

HzO 17 3.06——_—
21.9 gmfmol

Products crrllcctcd nt 350°C fnllowin[; Lrans-
fcr throu~h a tnr-misL trap aL 100”C. lleilt-

ing rntc approximate.ly 3°C per minute.

aAssuming acctylcnc, CZIIZ.
b

As~uming prupync, C31{4,

CIIAR CASIFICATIO!J h’1111 COZ ~loDKILIfTIUN
The I.ASL conccl~t cnd~ wiLll a (;(JP/~z Ca~ificn-

tion of char prrrducl,~l by iI1i Lj:Il link [:x+ Ilyrol}’sis.
~rin~ lhc pyre].ysis rl!;l(:LIOU a ]Iydrov,co cllr]cllcd

frocLjon (SCC ‘T:Iblc 3) is strlppcd lrom LIIC ICOJ1

lcavinfl n carbon rlcll resicluu,, cllor. It :s true

thmt nll coal is rlLIfiCiCIIL in hYdr[l::cll nnd tll~t

liqllcficntlon 0[ coal requires nn oukfildc hydrozrn

.90urcc. Ilowcvcr, prorcs!;lnr, in Lliis way sr);rcf!aLcs

the hydro~cn. rcmovjng dbcruL 532 or L}lc hydroKcn
(noL crmsidcri]l~ hydrol:cn in 1120 vnp,)r produt’tion)
whil. c rumovln~~ abmlt 257, of LIIC c:lrb on. cOllscquL~llt-

ly, the pyrolyfiis pruduckfi urc hydro};cn cnricllcd oud
cnrl t+crvc. ns n pe\rocll(\mical sourer With no arldJtlnn-
al hydrogen source.

T~blt’ 4 - GasificaLjol) pr,,duct sLrt’aln cumposiLion.

Volllme Pcr Ccllt

C.ompOncnL Ajr-llCGa 02/co2-st;lJ;(.d 1;(:(;
b

—. ..— ___ ._ ——- ._—

N2 38.1 0

1120 30.4 5.0

C02 11.0 27.0

co 6.1 >4.0

HZ 11,9 13.0

Tar 1.4 0.5

Cllq 1.1 0.5

—.

100.0 100.0

sc[/lo3 13.6 4.26

.—___ _ — ———-
a. FiclLI Expcrlcncc, taken from (8)
b. CalcuIotcd vnltlt~s taken t’rom consc,rvntli,c

c~limatce of laboratory char Casificntlon
data. (9)

Vanclcrborgh an~ Elliott
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Econonllc asscssmcnLs c]carly poin~ Lo Lllc
process prmaltics for I-ovinK I1lKI1 volunc of Eases.
Note tllal air-lnjrctlon rcslllts in a prorc.:;s stream

composed of 68Z nitro~cn mId water. Vovinj\ these
inert p,ascs (and rlisl>osin[: 01 tllc water) is tli~;hly
cncrgctic. Likrwisr., all of Lhc~c fi.ascs milst be
thoroughly clcfirred prior to c.omb,lstion. LJllviously,
cleaning a nlinimum quantity of E;]S is ncccssary.

SULFUR RF240VAL BY PYRO1.YSIS

As mentioned prcviousjy. llydro~cn is scflrctatcd
durirr~ pyrolysls, rrnovl!~~~ a l)ydrc,flcn-cl~richc,d pro-
duct stream. Thcrmnl LrcnLmcnt is k,-.~wn to prcfcrcn-

tially remove Orp,aiijC sulrur frrm r031 as well, TIIC
end result is tllnt dccrc,nscd F,as c I:,arrin{; may bc

required followin ~ ~aslficatioll. Th,, economic ron-
scquenccs of illis arc unclc,ar. In Ll,c cxLr?tnc’, air
could replm-c oxy[;cn for [!oslficati,.n. For, 1[ pro-
duct gases arc rtcvoid 0[ sl]lfur compound.;, C:IS clucn-
ing might bc un]lccessary. And i~ produc: LOS need

net bc clc!ancd, t!lcn Lllerr :,rc’ sound rcasolls to

lltlllzc &jr in~ccLion on LII[, dry, hot ch.,r. Ttlis
possibility nlso needs cvuluatlon.

COMBINED llFY\T N4D MASS lRANSFllt IN fMK)l+iTOl{Y COAL
EKPERIMENTS

Expcrimrnts t....,rm~ay corre]alc lahrrrnLory mr!a-

WJrCMCntS of I]Cat LrallSfcr {l~!rillp, tIeaL injection

studies With a [~nil~ c]cnwnL, comllined l\c:lt-:llld-
mass Lransfcr computer code. Cool blocks arc! cn-

cnscd in ccmcnt:, tu conLrol mnss Lrar.src>r. A sln-
glc hole is then drlllc,d LIIroII~;l) LII(> I)l[)ck nncl Ilot
gases arc used to injccl lII)iIL Lllrnu[;ll lll;lt P:ISS:II;C.

(This simulalcs Lhc undcr~rm,nd sit,laLlon, FIB. 2).

Details of (hcse studies lI:IVC been prcscnlcd prc-

V.fr)usly. (1, fr)
Typictll data frnm tllc,s( studies arc! p,ivc,n in

Fig. 5. ‘Ihc coal block w~ls fnltially hc:lLIId wiLllin
a precise thc)rmo!+taL to 100°C, tllu “nvcn LLNnp”.

DurinE this hc~lLlng, c limil{,d qu;lntity 0( rnolstllre
was exhaus Lt, d from LIIC cL,nLr,l~ p.Iss;IEv. Tlw intro-
duction of liot C(); (lIIjcc[c,d at a Lcmperot!lre of

139°C nnd n flow of 400 cm? ‘M [n) rl)S!l~LCd Jn hij; hrr

iillc~. side F,::pcrntur{,s ond lower outlet side LLm-

pcratwrefi (Fit:. 5). COZ cnu:; c,d watt r t.vaporation,

lowcrin~ tllc Lcmpc>raLurcs iII 1.11(! lntcrlor of tllc

block bc!low IOO”C for consldcr:lhlc periods of timu.

Finally, nflcK sorer 601 of LI)L! “moisLur~! co!lLcnt”
of the cnol w.-s rcmov~~d, Lcmpcrnturcs in spcclfic

regions of tllc block lncr(:n~cd in a way LIIJL indi-
cated open pc:l-mcal]i’ y for convccLlvl! IIc!at trans-

port, These, daLa can bc nln[lc>lcd witl)COnS~dL1rablC

,9UCCCSS if wc Lssurnu L[lnl nlnl:;rurc rl,movo] cllnn~c!s
pcrmcabillty of dlscrcte rc~lons within tl,c block.

CO}IUINhI) IJNI)I:KcI{OW[) PYRO1,SSIS (;ASI1’?CAT1CV4

Ellfiinccrinl; nnslysls of Lhcrm:l] ~rnc~:ltion 0[
hydrocnrkons from crnls hns bccm complctcd. As ~hC

flow chart in l:lx. 6 ~l]ows, LIIC fl’{CnLCSt mi130ril:Y

of prcci’s~lnc occurs ahovv ~rnurrd. of tllc mony

unit opcruLLons, only two, E-O(II ~l,asirlcation and
undcrfiruund coal pyl’OlySIH, oc, rllr bt.lnw tl)c surface.

yet thrsc two domilllltr Lht, cntirl’ sysLL’m. l:cooom-

irsi demands that t;w rncrr,y contcl)t 0[ [J1.oductlon
WC~lfJ bc dense, If t11i9 iH 00t fiO, UI1[[P1-I:lOUII[[

coal ~nsiflcntion cnn involvr prcllll~lllvr p(lmpin~
costs, Lhcrcforc an uOWOrkahlc Lccllnolnl.y. It Is
csecotjn] that
undcrntood nnd

the Undcrl:rotind $vcLioIl

thnL an Oprnl pcrml.nblc

is Well
bud is

DSTAN= FRWAINLET [cm)

5-Coal-block heating with I,ot C02
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1
“M hrmfull.

Ku, c“.; u

_ .’b~ _

6-lASI, In .$itu Coal Casifical-ion Pruccss
Simulation

proparcd. TfIerma] LrcatmcnL of sul)hitumlno(ls co~ls
is an attractive possibility to accumpllsll (Ilis.

SUPLWARY
Ef[’icirnL underground coal procc$;sin~l rcq~lirc!s

Lilat moisture is removed from addre;sod cr)al scnm
Scctioos. Tn thu ab!;cncc of sc!n:l Ino~sLurc, l)roduct

~,,nsc!~ cxhausl at ~~lc,Jatcd tcmpcril L[lrcs. Sensible
hc,.nt from Lllis product titrCam is mosL sensibly u:~cd
for drying and pyrolYsis of an adjaccnL scam s.-cLio]l.
Underground ccnlvcrsion done in tlls way luads LO SIC-

nific.lnt suppl ics of llydrocarbOn ~.<ascs for f~lLurc
cncr~y Ilccrfs.
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